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CONCAVE PROBE FOR ARTHROSCOPIC SURGERY 

BACKGROUND OF THE INVENTION 

Field of Use 

The present invention is in the field of medical devices which deliver radio- 
frequency energy to cut tissue. More specifically, the invention is in the field of 
cutting probes for arthroscopic surgery. 

5 

Background 

Arthroscopic surgery is becoming increasingly popular, because it generally 
does less damage than open procedures, produces less scarring in and around joints, 
and results in faster healing and return of the patient to full productivity. 

10 Nevertheless, arthroscopic surgery has its limitations. The surgeon must 

operate through a narrow tube, which is awkward. Only one probe can be used at a 
time. Often the viewing camera is positioned at an angle different from the 
surgeon's normal gaze. This contrasts with "open surgery" where the surgeon has 
relative ease of viewing the surgical site and can freely move both hands, even 

1 5 utilizing the hands of colleagues. 

In view of such difficulties of arthroscopic surgery, it is understandable that 
laser, microwave and radio-frequency (RF) probes which simultaneously cut and 
coagulate are preferred. However, current probes are poorly adapted to certain 
activities, such as cutting narrow tendons or ligaments. Current probes have convex, 

20 pointed and/or flat tips. U.S. Patent No. 5,308,31 1, issued May 3, 1994 to Eggers 
and Shaw, is exemplary in that it discloses a laser probe with a pointed tip and 
convex side. With current probes, the surgeon has little control when pressing 
against a tough ligament. Now as the surgeon cuts through one portion of the 
ligament, the probe slips out of position. The surgeon must reapproximate the probe 

25 and cut again, an inefficient process. And, unless the surgeon is able to stop 
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pressure at exactly the right time, the probe may slip and cut an adjacent structure. 
Because the surgeon must repeatedly reapproximate and cut the ligament, the 
surgeon has difficulty in cleanly ablating the ligament or tendon. Thus, there are 
certain procedures that surgeons still prefer to perform in the "open." Unfortunately, 
5 this often results in bigger scars, longer convalescence, and more irritation of an 
already irritated joint. 

What is needed is a probe that can simultaneously direct the tendon to the 
energy source (e.g., RF) and apply RF to cleanly and smoothly ablate the tendon or 
ligament. The advantage is that some procedures that have been considered too 
10 awkward or difficult to perform by arthroscopy can now be performed more 
effectively by arthroscopy. 

SUMMARY OF THE INVENTION 
A thermal energy delivery apparatus is disclosed which has a probe means 
15 including a distal end and a proximal end, wherein the distal end has a concave tip. 
A first electrode means is also positioned at the distal end of the probe means, so 
that the first electrode means is configured to deliver sufficient thermal energy to cut 
ligaments or tendons. The thermal energy delivery apparatus also includes a cabling 
means coupled to the proximal end of the probe means. The cabling means can be 
20 either permanently or impermanently coupled to the probe means. 

In another embodiment, there is an RF probe comprising a distal tip, wherein 
the distal tip has a concave curve and an electrode, whereby the concave curve on 
the distal tip helps constrain tissue for cutting. In another embodiment, the RF probe 
has a concave curve with a sharp edge. In yet another embodiment, the RF probe 
25 has a concave curve separated from the lateral edges of the RF probe. 

Another embodiment of this invention is a method of cutting a ligament or 
tendon by (a) providing an RF probe with a distal tip with a concave curve; 
(b) approximating the RF probe to the ligament or tendon to be cut; and (c) applying 
RF energy through the curve, thereby cutting the ligament, tendon, or other tissue. 
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In another embodiment of the invention a controller for controlling the 
delivery of energy and liquid to a surgical instrument with a temperature sensor is 
disclosed. The energy is supplied by an energy source and the liquid is supplied by 
a pump. The controller includes a temperature and a flow regulator. The 
5 temperature regulator is coupled to the energy source and coupled to the pump. The 
temperature regulator is responsive to a first temperature indication from the 
temperature sensor to determine that the first temperature indication exceeds 
a setpoint and to reduce an energy level from the energy source. The flow regulator 
is coupled to the pump and coupled to the temperature regulator. The flow regulator 
10 includes responsiveness to the first temperature indication to increase a flow of the 
liquid from the pump. 



15 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a lateral view of the internal structures of the glenohumeral joint. 
FIG. 2 is a medial side view of the knee joint. 

FIG. 3 is a perspective view of the concave cutting tip of the RF probe. 
20 FIGS. 4-1 1 show different monopolar and bipolar arrangements of the 

electrodes on the concave cutting tip. 

FIG. 12 shows an overview of an RF probe. 

FIG. 13 is a block diagram illustrating a feedback system useful to control 
the temperature of electrodes of the present invention. 
25 FIG. 14 illustrates a circuit useful to implement the feedback system of FIG. 

13. 

FIG. 15 illustrates an alternate embodiment of a probe with cutting tip. 
DESCRIPTION OF SPECIFIC EMBODIMENTS 
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The present invention arose out of an observation that, during an arthroscopy 
procedure, the surgeon could not access and cut cleanly the coracoacromial (CA) 
ligament shown in FIG. 1. This procedure is done in conjunction with a subacromial 
decompression, which makes a painful shoulder easier to move. If the cutting probe 
5 slips, the joint capsule could be damaged and even punctured, which would 

exacerbate an already painful joint. Thus, a concave rounded tip was designed 
which would center and position ligaments and could even be used to lift the 
ligament away from adjacent structures and avoid harm thereto. 

This new style of tip has the advantage of being able to mechanically 

10 "gather" or constrain ligaments, tendons and other tissue into its center. This 

reduces the natural tendency of current cutting probes to slide off ligaments and 
tendons. This helps save time in that the surgeon is not repeatedly trying to center or 
approximate the probe tip on the target tissue. 

FIG. 1 shows a lateral (side) view of a glenhumeral joint 100 and in 

15 particular the Coracoacromial ligament 102, the Superior glenohumeral ligament 
104, the middle glenohumeral ligament 106, the Subscapularis Tendon 108 (joined 
to capsule), the Inferior Glenoheumeral ligament 110, the Glenoid "cup" with 
cartilage 112, the Joint Capsule 114, and the Bursa 116. The Joint Capsule 1 14 is 
comprised of 3GH ligaments and surrounding capsule. The Bursa 116 lubricates 

20 and acts like a shock absorber, and is usually removed when an SA decompression is 
performed. The area 1 1 8 is the area at which impingement usually occurs. 

FIG. 2 shows a medial (side) view of a glenohumeral joint 200, and in 
particular the Medial Collateral Ligament 202, the patella 204, the Medial Lateral 
Retinaculum 206, an incision line 208 for lateral release and the Patellar Ligament 

25 210. 

While CA surgery was the inspiration for this invention, use of this concave 
probe is not limited to a particular ligament or tendon, or even to those tissues. The 
concave cutting probe is adapted to cut all types of tendons and ligaments more 
effectively than blunt or rounded tip probes. As another example whose anatomy is 
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shown in FIG. 2, the lateral retinaculum sometimes must be severed in some types of 
patellar dislocation or malignment, when the patella is not properly tracking in the 
trochlear notch. Severing the lateral retinaculum is called lateral retinacular release. 
With this concave-tip probe, the surgeon is able to position the ligament and sever it 
5 cleanly. 

Turning now to the probe itself, FIG. 3 shows a concave edge 308 on a distal 
tip 304 of an RF probe head 300. This concave edge is designed to constrain tissue, 
tendons and ligaments. The concave curve has lateral edges 306 which are rounded, 
so that the probe does not "snag" on unwanted tissue as the surgeon maneuvers the 
1 0 probe into position. The cylindrical portion 302 of the distal tip 304 fits inside 
probe sheath 410, as shown in FIG. 4. The distal tip may have a variety of 
configurations, as shown in FIGS. 3-10. FIG. 4 shows probe 400 having a concave 
edge with less prominently rounded lateral edges. FIGS. 4-6 show a distal tip which 
is angled with respect to the sheath 410. This embodiment offers the advantage of 
1 5 helping the surgeon get around corners. 

FIG. 5 A shows an angled probe 500 consisting of a cylindrical portion 502 
with a distal tip 504 having a concave edge 508 and lateral edges 506. FIG. 5B 
shows a side view of angled probe 500. 

FIG. 6 shows an angled probe 600 with a specialized surface (not heated) 
20 which imparts a third function to the probe, namely scraping tissue. Probe 600 is 
comprised of a cylindrical portion 602, and a distal tip 604 which has a concave 
edge 608 and lateral edges 606. The surface of the flat portion of distal tip 604 
contains rasps 616 which can be used for scraping tissue. 

For cutting tissue, the distal tip has a first electrode and a second electrode 
25 located on lateral edges 606. The first and second electrodes can be operated in 
bipolar or monopolar mode. Bipolar is preferred and examples of "Taser" type 
electrodes are shown in FIGS. 7 and 8. 

FIG. 7 shows a distal tip 700 having a three-pole, bipolar arrangement where, 
in addition to two side positive electrodes 702 and 706, there is a central negative 
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electrode 704. FIG. 8 shows a distal tip 800 wherein two electrodes 802 and 806 are 
positioned in two small sites on the lateral edges of the concave curve. In this 
particular embodiment, electrode 802 is positive and electrode 806 is negative 

FIGS. 9-11 show exemplary monopolar arrangements. In FIG. 9, a single 
5 monopolar positive electrode 902 occupies a wide portion of the concave curve of 
distal tip 900. A return path 904 is provided and is attached to the patient's body to 
complete the circuit. In FIG. 10, there is one small active electrode 1006 located 
centrally on distal tip 1000. In FIG. 1 1 there are two active electrodes 1 102 and 
1 106 in lateral positions on distal tip 1 100. Suffice it to say that quite a variation in 
1 0 electrode design is contemplated for this concave curve. 

To maintain the appropriate temperature for cutting tissue, the distal tip of 
the probe may also be equipped with a thermocouple, but such a thermocouple is 
optional in the concave-tipped probe. 

FIG. 12 illustrates the RF probe of a larger RF apparatus shown 
15 schematically in FIG. 13, which is a block diagram of a temperature/impedance 
feedback system useful with apparatus 1200. 

FIG. 12A is an illustration of a cannula utilized in one embodiment of the 
invention. Cannula 1202 consists of a guide 1224 with an opening 1226 at its distal 
end. Cannula 1202 is attached at its proximal end to introducer 1222. As illustrated 
20 in FIG. 12B, surgical instrument 1200 consists of a handle 1212 to which is attached 
a power cord 1210, a probe 1214 and a probe tip 1216. Cannula 1202 is inserted 
into the surgical site on the patient. Surgical instrument 1200 is then inserted into 
cannula 1202 so that the tip 1216 protrudes from the opening 1226 in cannula 1202. 
FIG. 13 is an electrical block diagram of an embodiment of the current 
25 invention in which both RF power and saline solution are applied to a surgical site, 
under unified control of controller 1300. The The RF power is applied to the site 
for cutting, cauterizing, ablating and sculpting of tissue. The saline solution is 
applied to the site for irrigation and in order to create a cavity in the area in which 
surgery is to be performed. In this embodiment it is advantageous to regulate RF 
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delivery through both temperature and impedance monitoring. It is advantageous to 
monitor saline solution flow to maintain clarity at the site. There is also the 
opportunity for synergy between RF and saline delivery to the surgical site to 
provide, for example, a greater level of control of temperatures at the site. 
5 The controller 1 300 shown in FIG. 1 3 includes RF generator 1310, 

temperature profile 1320, temperature regulator 1322, temperature monitor 1324, 
surgical instrument 1326, impedance monitor 1328, impedance regulator 1330, 
pump 1340, flow regulator 1350 and flow monitor 1352. 

The RF generator is capable of delivering monopolar or bipolar power to 

10 surgical instrument 1326. The surgical instrument contains a probe and tip which 
are positioned at the surgical site 1342. The impedance monitor 1328 obtains 
impedance measurements by, for example, measuring current and voltage and 
performing a RMS calculation. The measurements of the impedance monitor are 
delivered to impedance regulator 1330. The impedance regulator performs several 

15 functions. Generally the impedance regulator keeps the impedance levels within 

acceptable limits by controlling the power supplied by the RF generator 1310. In an 
embodiment of the current invention the impedance regulator can control the flow 
regulator 1350 to deliver more or less saline solution to the surgical site. 

The temperature monitor 1324 can include one or more types of temperature 

20 sensors, e.g. thermocouples, thermistors, resistive temperature device (RTD), 
infrared detectors, etc. . The temperature sensor is positioned at the tip of the 
surgical instrument to provide temperature monitoring of the tip. The output of the 
temperature monitor is delivered to the temperature regulator 1322. The temperature 
regulator 1322 also accepts input from a temperature profile table 1320. The 

25 temperature profiles contained in this table may include time and temperature points 
which need to be achieved during surgery. The temperature regulator may control 
both the RF generator 1310 and the flow regulator 1350. When, for example, 
temperatures have increased beyond an acceptable limit, power supplied by the RF 
generator to the surgical instrument may be reduced. Alternately, the temperature 
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regulator may cause the flow regulator 1350 to increase saline solution flow, thereby 
decreasing temperature at the surgical site. Conversely, the temperature regulator 
can interface with either the RF generator or the flow regulator when measured 
temperatures do not match the required temperatures called for in the temperature 
5 profile 1320. When this condition occurs, the temperature regulator can cause the 
RF generator to increase power supply to the surgical instrument. Alternately, the 
temperature regulator can cause the flow regulator to decrease saline solution flow to 
the surgical site, thereby allowing a fixed amount of RF energy to cause an increase 
in temperature at the surgical site. In another embodiment of the invention a flow 

10 monitor 1352 can be positioned at the surgical site. The flow monitor can monitor 
the volume of saline solution flow, the actual dimension of the cavity, the pressure 
created by the saline solution within the cavity or the optical clarity of the saline 
solution within the cavity. Any one of these and other monitored parameters can be 
utilized independently to regulate the flow of saline solution to the site by providing 

15 these measurements to the flow regulator. The flow regulator may be programmed 
to accommodate regulatory signals from both the temperature and impedance 
regulators, as well as from the flow monitor and can be programmed to perform in 
whatever manner is desired by the user. The flow regulator interfaces with the pump 
1340 to control the volume of saline solution delivered to the surgical site 1342. 

20 An exemplary interaction of these various components is shown by way of 

the following example. Initially the temperature regulator and/or impedance 
regulator and the flow regulator deliver pre-programmed amounts of power and 
saline solution to the surgical site 1342. Each system operates independently. The 
flow regulator, for example, operates the pump to maintain saline solution flow 

25 within the desired parameters, i.e. clarity, pressure, flow rate, etc. The temperature 
regulator delivers pre-programmed time-based temperature profile to the surgical 
instrument 1326 from the RF generator 1310. When impedance levels fall below a 
lower threshold indicating that the instrument has been removed from the site, the 
RF generator is caused to terminate power supply to the surgical instrument. 
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Alternately, when impedance levels exceed an upper threshold indicating that tissue 
is accumulating on the tip of the surgical instrument, thereby increasing resistance to 
current flow, pulses of RF power are delivered to the surgical instrument to cause the 
tissue to ablate from the tip, thereby decreasing the impedance of the tip. 
5 Alternately, the impedance regulator can at the upper threshold of impedance signal 
the surgeon audibly, visibly or in any other manner that the instrument itself needs to 
be cleaned before proceeding further with the surgery. If during the operation the 
flow regulator receives from either the temperature or impedance regulator a signal 
indicating that temperatures and/or impedance are exceeding acceptable levels, then 

10 flow can be increased to reduce temperature and/or clean the tip. Alternately, if the 
flow regulator receives signals indicating that temperature and/or impedance are too 
low, then the flow regulator can reduce saline solution flow to allow greater heating 
at the surgical site 1342. When the control signals from the temperature regulator 
1322 and/or the impedance regulator 1330 cease, the flow regulator 1350 returns to 

15 normal operation. 

FIG. 14 shows an alternate embodiment of the invention to that discussed 
above in connection with FIG. 13. In this embodiment fluid flow and RF generation 
are regulated either by temperature regulator or impedance. There is no independent 
flow monitor such as the one shown and discussed above in connection with the 

20 embodiment in FIG. 13. RF generator 1434 is coupled to first and second electrodes 
1422 and 1424 to apply a biologically safe voltage to surgical site 1480. In the 
embodiment shown in FIG. 14 the surgical instrument 1410 is represented as a 
bipolar ablation device. The circuitry shown herein is equally applicable to 
monopolar surgical instruments as well. First and second electrodes 1422 and 1424 

25 of the bipolar device are connected to a primary side of transformer windings 145 8 A 
and 1460A. The common primary windings 145 8 A and 1460 A are magnetically 
coupled with a transformer core to secondary windings 1458B and 1460B. The 
transformer windings 1458A-B are part of transformer tl . The transformer windings 
1460A-B are part of transformer t2. The primary windings of the first transformer tl 
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couple the output voltage of surgical instrument 1410 to the secondary windings 
1458B. The primary windings 1460A of the second transformer t2 couple the output 
current of surgical instrument 1410 to the secondary windings 1460B. Measuring 
circuits connected to the secondary windings 1458B and 1460B determine the root 
5 mean square (RMS) values or magnitudes of the current end voltage. These values, 
represented as voltages, are inputted to dividing circuit 1408 to mathematically 
calculate, by dividing the RMS voltage value by the RMS current value the 
impedance of the surgical site 1480. 

The output voltage 1462 of the divider circuit 1408 is coupled to a pole of 

10 single pole double throw (SPDT) switch 1470. The other pole 1464 of the switch is 
connected to the output of thermal coupler amplifier 1424. The inputs of thermal 
couple amplifier 1424 are connected to the temperature sensor 1446 which measures 
temperatures at the surgical site 1480. Switch 1470 serves therefore to couple either 
the impedance circuitry or the temperature monitoring circuitry to the positive (+) 

15 input of comparator 1412. Voltage reference 1414 supplies a voltage across a 

variable resistor Rv, thus allowing one to manually adjust the voltage presented to 
the negative input of comparator 1412. This voltage represents a maximum 
impedance value beyond which power will not be applied to electrode 1422. In an 
embodiment in which the switch 1470 is connected to the divider circuit 1408, 

20 impedance values greater than the maximum cutoff impedance determined by 
resistor 1414 result in comparator 1412 reducing the power supplied by RF 
generator 1434 to the surgical site. Alternately, the comparator can deliver a signal 
to pump 1422 causing it to increase the fluid flow from coolant source 1420 through 
nozzle 1426 positioned at the surgical site 1480, This will reduce temperatures at 

25 the site. Alternately, when switch 1470 connects pole 1464 to the positive input of 
comparator 1412 temperature rather than impedance can be utilized to control either 
the RF generator 1434 or the pump 1422. Comparator 1412 can be of any 
commercially available type that is able to control the amplitude and pulse width 
modulation of RF generator 1434. The temperature as discussed above within the 
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surgical site 1480 can be controlled based on tissue impedance when switch 1470 
connects pole 1462 to the comparator 1412. Alternately, control can be based on 
tissue temperature as represented when the switch 1470 connects pole 1464 to the 
comparator 1412. In an embodiment switch 1470 is activated to allow impedance 
5 node 1462 to enter the positive (+) input terminal of comparator 1412. This signal 
along with the reference voltage applied to the negative (-) input terminal actuates 
comparator 1412 to produce an output signal. If the selected tissue ablation site is 
heated to a biologically damaging temperature, the tissue impedance will exceed a 
selected impedance value seen at the negative (-) input terminal, thereby reducing 

10 power to the RF generator 1434 and/or increasing flow from pump 1422. The 

output signal of comparator 1412 may be utilized to sound an alarm or give a visual 
indication of an over temperature condition or, as discussed above, to reduce power 
and/or disable the RF generator. 

Energy source 1434 is shown as providing RF energy, but is not limited to 

1 5 RF and can include microwave, ultrasonic, coherent and incoherent light thermal 
transfer and resistance heating. 

FIGS. 15A-B show an enlarged view of one embodiment of the tip 1510 of 
an electrosurgical instrument wherein two opposing arcuate segments 1504A and 
1504B are compressed to form a probe tip 1216A at the distal end of probe 1214A. 

20 In such an embodiment, swagging is used to compress the tip of the probe. 

S wagging forms a chisel 1514 that can be used in the surgical instrument of FIGS. 
12 and 13 for RF ablation of tissue. Grinding applications can be added to the tip to 
provide for mechanical tissue ablation in addition to energy ablation. The core 1502 
of probe 1214A can be either hollow or solid. This particular embodiment is 

25 illustrated as having an annular probe. Probe 1214A is coated in an insulating 
material which terminates prior to the tip 1510, leaving chisel 1514 exposed. 

The surgical chisel illustrated in FIGS. 15A-B provides various 
improvements over the prior art in allowing for precise hemostatic cutting and 
ablation of soft tissue in one convenient instrument. The malleable probe tips can be 
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configured as straight, angled or curved, for example, which provides for optimal 
access to specific anatomy and pathology. Unique tip designs improve tactile 
feedback for optimal control and access, and provide for improved tissue 
visualization with greatly reduced bubbling or charring. 

5 

EXAMPLES 

Example 1 

Lateral retinacular release as mentioned above can be accomplished with the 

10 use of the concave-tipped RF probe as shown in FIG. 3 . First, the knee joint is 
distended with a clear fluid, usually saline. Initial distention can be done using a 
large syringe full of saline which is injected into the joint space. Distention forces 
the bones of the joint apart creating room to introduce instrumentation without 
damaging the cartilage. 

15 Once the instrumentation has been inserted into the joint space, the irrigation 

tubing and cannulas are positioned and hooked up to provide continual fluid 
exchange during the procedure. The most common systems are gravity flow or the 
use of an arthroscopic irrigation pump. Just hanging bags of irrigation fluid on an 
IV pole raises them 3-4 feet above the operative site. This elevation difference is 

20 enough to create pressure to distend and irrigate the joint. The fluid enters the joint 
through the scope sheath and exits through a cannula placed in the superior lateral 
portal, or the reverse, through the cannula and out through the scope sheath. The 
setup is a matter of physician preference. The key to the proper function of either 
system is that the inflow volume must be larger than the outflow volume. This 

25 restriction in the outflow is what creates the back flow that distends the joint. 

With an arthroscopic irrigation pump, the bags do not need to be raised on an 
IV pole. The factors controlling distention of the joint are controlled automatically 
by the pump. The pump monitors the fluid pressure in the joint space using a 
pressure sensing cannula and automatically increases or decreases fluid flow as 
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needed to provide optimum viewing. As with the gravity flow system, fluid enters 
the joint cavity through the scope sheath or the cannula in the superior lateral portal. 

Such an arthroscopic procedure requires the creation of two to five portals 
(entry ways) into the joint capsule. To create a portal, the surgeon usually begins by 
5 making a small stab wound with a scalpel (e.g., No. 1 1 blade) at the site of the 

portal. Next, the wound is enlarged and extended with a trocar encased in a sleeve 
(cannula) through muscle tissue to the synovial membrane. The trocar is removed, 
leaving the cannula in place. Then, the surgeon uses a blunt obturator (to avoid 
damage to menisci and articular cartilage) to puncture through the synovium into the 

1 0 joint cavity. The obturator is removed and the cannula left in place. The cannula 
can be used to insert an arthroscope or for the inflow and outflow of water. If the 
surgeon elects to insert instruments percutaneously, the sleeve is removed. 

For lateral retinacular release, the surgeon frequently uses three portals, one 
for the arthroscope, one for the instrument and one for the drain. Additional portals 

15 may be created for the surgeon to access other areas of the knee (i.e., to tighten the 
medial retinaculum) during the procedure. Frequently, a superolateral (above and to 
the side of the patella) approach is used for the irrigation cannula. For the 
arthroscope and concave probe, anteromedial and anterolateral approaches often are 
chosen, because they are relatively safe (minimal potential tissue damage) and most 

20 surgeons have more experience with them. Once the arthroscope is viewed, the 

surgeon may use the concave-tipped probe (without power) to advance to the site of 
the lateral retinaculum. Having located the lateral retinaculum, the surgeon actuates 
the RF probe and cuts entirely through the ligament. 

The foregoing description of a preferred embodiment of the invention has 

25 been presented for purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise forms disclosed. Obviously, many 
modifications and variations will be apparent to practitioners skilled in this art. It is 
intended that the scope of the invention be defined by the following claims and their 
equivalents. 
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All publications and patent applications mentioned in this specification are 
herein incorporated by reference to the same extent as if each individual publication 
or patent application was specifically and individually indicated to be incorporated 
by reference. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 1 . A thermal energy delivery apparatus, comprising 

2 a probe means including a distal end and a proximal end, wherein the distal 

3 end has a concave tip; 

4 a first electrode means positioned at the distal end of the probe means, 

5 wherein the first electrode means is configured to deliver sufficient thermal energy 

6 to cut ligaments or tendons; and 

7 a cabling means coupled to the proximal end of the probe means. 

1 2. An RF probe comprising 

2 a distal tip, wherein the distal tip has a concave curve and an electrode, 

3 whereby the concave curve on the distal tip helps constrain tissue for cutting. 

1 3. The RF probe of claim 2, wherein the concave curve has a sharp 

2 edge. 

1 4. The RF probe of claim 2, wherein the concave curve is separated 

2 from the lateral edges of the RF probe. 

1 5. A method of cutting a ligament or tendon comprising 

2 providing an RF probe with a distal tip with a concave curve; 

3 approximating the RF probe to the ligament or tendon to be cut; and 

4 applying RF energy through the curve, thereby cutting the ligaments or 

5 tendon. 
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1 6. A controller for controlling the delivery of energy and liquid to a 

2 surgical instrument with a temperature sensor, and the energy supplied by an energy 

3 source, and the liquid supplied by a pump, and the controller comprising: 

4 a temperature regulator coupled to the energy source and coupled to the 

5 pump and the temperature regulator responsive to a first temperature indication from 

6 the temperature sensor to determine that the first temperature indication exceeds 

7 a setpoint and to reduce an energy level from the energy source; and 

8 a flow regulator coupled to the pump and coupled to the temperature 

9 regulator, and the flow regulator including responsiveness to the first temperature 
10 indication to increase a flow of the liquid from the pump. 

1 7. A controller for controlling the delivery of energy and liquid to a 

2 surgical instrument with a temperature sensor, and the energy supplied by an energy 

3 source, and the liquid supplied by a pump, and the controller comprising: 

4 a temperature regulator coupled to the energy source and coupled to the 

5 pump and the temperature regulator responsive to a first temperature indication from 

6 the temperature sensor to determine that the first temperature indication falls below 

7 a setpoint and to increase an energy level from the energy source; and 

8 a flow regulator coupled to the pump and coupled to the temperature 

9 regulator, and the flow regulator including responsiveness to the first temperature 
1 0 indication to decrease a flow of the liquid from the pump. 



-16- 



WO 98/34558 



1/10 



PCT/US98/02597 



Glenohumeral Joint 

Lateral (side) View 



102 




FIG. 1 



WO 98/34558 



2/10 



PCTYUS98/02597 



Medial (side) View 

200 




FIG. 2 



WO 98/34558 



3/10 



PCT7US98/02597 



306 




FIG. 3 



WO 98/34558 



PCTYUS98/02597 




WO 98/34558 



5/10 



PCT/US98/02597 




FIG. 5B 




FIG. 6 



WO 98/34558 



6/10 



PCT/US98/02597 



700 800 




FIG. 7 FIG. 8 




1102 1106 



FIG. 11 



WO 98/34558 



8/10 



PCT/US98/02597 




CO 
Li. 



WO 98/34558 



9/10 



PCT7US98/02597 




